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Abstract- The analysis and design of failing slopes and highway embankments requires an in-depth understanding of the
failure mechanism in order to choose the right slope stability analysis method. In the present work, the concept and
theory involved in different methods of slope stability analysis of earth embankment have been discussed. The mathematical
equations and the methodology for calculating the factor of safety of earth slope of any specified (chosen) slip circle by
various methods has been given. By repeating the process for different slip circles, the minimum factor of safety can be
calculated and critical slip circle obtained. A simple example of earth embankment has been analyzed to illustrate the
methodology with the help of Microsoft Excel program for various methods and the values of FOS resulted are compared.

I. INTRODUCTION
The slope-stability analysis is usually carried out by
Fellenius (Fellenius, 1936) method also called
ordinary or Swedish Circle method (Terzaghi, 1962.).
It ignores
inter slice forces and considers only moment
equilibrium and not force equilibrium conditions.
Thus, it provides only moment factor of safety and
not force factor of safety. It also does not provide
closed force polygon in a free body force diagram for
the individual slices within the failure zone of earth
mass. It provides the factor of safety on lower side
and thus results into a more conservative design of
earth embankment. The Bishop (Bishop, 1960)
simplified method takes into consideration only
interslice normal force, but ignores the interslice
shear force. It gives moment factor of safety only,
and the force polygon does not close. The
Morgenstern-Price (Morgenstern and Price, 1965)
method takes into consideration both the interslice
normal and shear forces, provides both moment
equilibrium and force equilibrium and gives moment
and force factor of safeties. In the present study a
simple embankment is has been analyzed by
Fellenius, Simplified Bishop’s and Morgenstern-Price
method and comparison has been made amongst
them.

Fig.1 Earth Embankment adopted for
Analysis

For the earth embankment shown in figure the twenty
number of slices are made each having the width of
2m and corresponding weights of each slice is
calculated by multiplying the mid height of the slice,
its width and corresponding unit weight of the soil in
which it exists. For the slices those are both in
foundation and embankment, there weights are
calculated by multiplying width by the mid height in
an embankment and unit weight of embankment soil
and by multiplying the width by mid height of slice in
foundation and corresponding unit weight of
foundation soil. An angle α of each slice is an angle
made by base of that particular slice with the
horizontal is calculated by drawing an embankment
in AutoCAD. The given embankment is first analyzed
using Fellenius method, Simplified Bishop method
and Morgenstern & Price’s for constant sin function
method theoretical equations as discussed in earlier
chapters using Excel sheets. These are iterative
methods and hence seem to be very cumbersome to
be used for hand calculations and hence they are
analyzed using Excel sheets which make our job quite
easy.
2.1 Discussion on Morgenstern-Price Method
Morgenstern and Price proposed an empirical
equation for inter slice normal and shear force as
shown

II. ANALYSIS OF EXAMPLE PROBLEM
In the following paragraph a simple embankment of
earth has been taken for illustrating the various
methods. The soil properties of embankment soil and
foundation soil are shown in fig.

(Eq. 1)
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Where, ƒ(x) is an assumed function that varies
continuously across the slip, and ( ) is an unknown
scaling factor that is solved for as part of the
unknowns.

Fm can be computed using above equation as all
factors are known. Substituting Fm for F and W cosα
for P in the equation for inter slice normal force (ER).
Right side inter slice normal force can be calculated
for the first slice (EL is zero for the first slice). By
repeating, ER for the second slice is obtained (ER for
the first slice is EL for the second slice). This way ER
and EL for all slices can be obtained. Choosing a
function and a value for λ the inter slice shear force
XR and XL are obtained. Knowing ER, EL, XR, XL the
value of P is obtained by using equation

Fig. 2 Constant sine Function

2.2 What is λ?
Lambda stated in above equation is the percentage of
applied function to specified function f (x). The
specified function can have many shapes as shown in
figure 4.1. In case of half-sine function the shape
shall be as shown in figure

Fig. 3 Showing Specified Function and Applied Function

The value of lambda for a typical slice shall be ratio
of ordinate f (x) against that slice read from applied
function (lower curve in Fig. 4.2) and divided by the
value of f (x) read from specified function (upper
curve in Fig. 4.2) for the same slice. This is to note
that the λ is same for all the slices. However, the
value of f (x) itself varies from slice to slice in half
sine function and hence the ratio of slice shear force
to slice normal force (X/E) shall also vary from slice
to slice. However, in a constant function this ratio of
slice shear force to slice normal force shall not vary
as the value of f (x) for all slices is (1.0) i.e.
Constant. The λ in any case is constant.
2.3 Computation of Factor of Safety
The analysis has been done by various methods
keeping all other features such as cross-section of the
embankment, geo-technical properties of the ground
soil and borrow material same, for the sole purpose of
not only understanding these methods but also
provide a comparative study and help selection of
most appropriate method for adopting in a particular
case.
To start the solution we may compute Fellenius
method factor of safety obtained by putting P=Wcosα
in the following equation

Taking this value of P and putting it in equation 4.2
the new FOS is obtained. The new values of P and F
will provide new values of ER, EL, XR, XL by the
relevant equations and further new values of P and F.
This process is repeated till a converged value of F is
obtained. The converged value of of F is required
FOS and ER, EL, XR, XL and P which produced this is
required value for these factors. This appears
cumbersome but very easy to apply in a Microsoft
Excel program.
To obtain FOS Morgenstern-Price method (or any
other method which considers inter slice shear force)
λ is required to be decided. The best result is obtained
when the λ is chosen such that moment FOS and
force FOS become equal. This is done by plotting
FOS against λ for Fm and Ff. The intersection point
provides this λ the value is then read from this curve
and used for analysis.

Fig. 4 Lambda vs. Factor of Safety (Constant Function)

The intersection point in case of consant sine function
gives a value of λ= 0.1814. This value of λ has been
used for computation.
Fellenius method of computation of FOS is used for
Bishop critical circle and Morgenstern Price critical
circle. Factor of safety F=1.488 and F=1.708
respectively were worked out.
In the subsequent paragraph the FOS are calculated
using Bishop method, Fellenius method and
Morgenstern-Price method using mathematical
equations explained in the chapter 2 using Microsoft
Excel program iteratively and tabulated as shown.
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Table 1 FOS Calculated by Fellenius Method for Bishop’s Critical Circle

Table 2 FOS Calculated by Bishop's Method (Iteration 6)

Table 3 Moment FOS Calculated by Morgenstern-Price’s Method for Constant Function (Iteration 8)
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III. RESULTS
The Factor of Safety obtained by the various
methods are tabulated as follows,

3.

hence it requires safer design of slope
hence leads to the uneconomical design.
The value of FOS calculated by
Morgenstern-Price method is almost equal
to the value obtained by Bishop’s which
comparatively simple method for hand
calculation is. Therefore Bishop’s method
can be used effectively if hand
calculations are need to be done.

REFERENCES
[1]

[2]

IV. CONCLUSION

[3]

The following conclusion are drawn from
following study,
1. Different limit equilibrium methods of
stability analysis give different critical
circle and different factor of safety for
same situation. Even for same slip surface
different methods give different factor of
safety.
2. It has been seen that the Fellenius method
of slope stability analysis gives the lowest
FOS amongst the all other methods and

[4]

[5]
[6]

[7]

Abramson, L.W., Lee, T.S., Sharma, S., Boyce,
G.M., “Slope Stability and Stabilization Methods”,
John Wiley and Sons, N.Y, 1996.
Bishop, A. W., “The Use of the Slip Circle in the
Stability Analysis of Slopes”, Geotechnique, 5(1), 717, 1955.
Duncan J.M. and Wright S.G., “Soil Strength and
Slope Stability”, John Wiley and Sons. NY, 2005.
Fellenius, W., “Calculation of the Stability of Earth
Dams.”, 2nd International Congress on Large Darns,
International Commission on Large Dams,
Washington, DC, 445-459, 1936.
IS: 7894-1975 “Code of Practice for Stability
Analysis of Earth Dams.”
Morgenstern, N. R. and Price V. E., “The Analysis of
the Stability of General Slip Surface.”,
Geotechnique, 15(4), 289-290, 1965.
Sinha, B. N., “Advanced Methods of Slope Stability
Analysis for Economical Design of Earth
Embankment”, The Journal of Indian Road
Congress, 201-222, 2007



International Journal of Advanced Technology in Civil Engineering, ISSN: 2231 –5721, Volume-2, Issue-1
42

